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Edited by SJ SiebertEffective ecological restoration requires detailedmonitoring to determine the success achieved through different
interventions in achieving objectives. In 2017, we resurveyed riparian sites along the Berg River in the Western
Cape, South Africa, that have been cleared of invasive stands of Eucalyptus camaldulensis in 2010 using two clear-
ing methods (fell-and-stackburn and fell-and-remove) and two restoration approaches: passive (where vegeta-
tion was allowed to recover without intervention) and active (assisted recovery). A significant increase in
vegetation cover (P b .001) and diversity (P b .05) of native riparian species was recorded in passive restoration
plots, but an increase in the cover of woody invasive alien plants was also observed. Only four of the nine native
species that were planted to fast-track restoration were still present in the active restoration plots, but the abun-
dance of these native species was significantly (P b .001) lower in 2017 than in 2011. We conclude that native
vegetation recovery following E.camaldulensis removal seven years ago is following a positive recovery trajectory
in both passive and active restoration sites, as shown by the increased occurrence of native trees and shrubs, e.g.
Maytenus oleoides, Melianthus major and Searsia angustifolia which were not present before clearing. However,
the reinvasion of cleared sites by woody invasive alien plants has the potential to slow down and potentially
halt the recovery process. Further management interventions, e.g. removal of reinvading woody invasive alien
plants, are required, emphasizing the sustained engagement to ensure restoration in these ecosystems.







Invasion of riparian ecosystems by alien plants causes major prob-
lems in many parts of South Africa(Esler etal., 2008; Le Maitre etal.,
2011). Massively increased biomass in dense invasive tree stands
leads to increased evapotranspiration and decreased surfacewater run-
off and groundwater recharge (Görgens andVanWilgen, 2004), leading
to reduced streamflow (Dye and Poulter, 1995; Le Maitre etal., 2000).
Native species are displaced in invaded sites (Richardson and Van
Wilgen, 2004), causing significant changes to vegetation composition,
function and structure (Vosse etal., 2008; Tererai etal., 2013). Invasive
alien plants in South African riparian systems also exacerbate problems
with fire at the urban–wildland interface (Gaertner etal., 2016). They
also create ecosystem disservices, e.g. by acting as disease vectors and
causing allergies (Potgieter etal., 2017; Vaz etal., 2017).
Given themany problems that invasive alien plants cause in riparian
ecosystems in South Africa, considerable resources have been devotedand Resource Management,
50, South Africa.
hts reserved.to managing these invasions (Holmes etal., 2005). The Working for
Water (WfW) programme, a national poverty alleviation initiative
aimed at protecting and maximizing water resources in rivers, has
been championing invasive alien plant control (Van Wilgen etal.,
2012). Although previous studies evaluating the efficacy of the WfW
programme have shown improvements in stream flow following alien
clearing (Dye and Poulter, 1995; Prinsloo and Scott, 1999), evaluations
of vegetation recovery have shown mixed results (Galatowitsch and
Richardson, 2005; Blanchard and Holmes, 2008; Reinecke etal., 2008;
Ruwanza etal., 2013; Fill etal., 2018). Some of the challenges associated
with vegetation recovery failure following alien plant removal by WfW
include secondary invasions (Ruwanza etal., 2013; Fill etal., 2018), low
native seed germination (Pretorius etal., 2008), lack of native species
in the soil seed bank (Galatowitsch and Richardson, 2005) and harsh
environmental conditions (e.g., drought) that hinder native species es-
tablishment (Ruwanza etal., 2013).
The assessment of invasive alien plant management initiatives re-
quiresmonitoring over timescales appropriate for gauging the effective-
ness of interventions. Unfortunately most restoration projects,
including the WfW projects, have been characterized by a lack of such
monitoring (Van Wilgen and Wannenburgh, 2016; Fill etal., 2018).
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gating trajectories to recovery, thereby providing crucial information
for adaptive management to direct succession as required (Prach etal.,
2007). This paper presents results of vegetation recovery monitoring
seven years after the initial alien plant clearing, our aim being to docu-
ment trajectory of recovery of native plant species following Eucalyptus
camaldulensis removal along the Berg River.
2. Methods
The study area (between the towns of Wellington and Hermon) is
part of the Berg River in the Western Cape Province of South Africa
(Fig.1). The river, which is approximately 294 km long and covers a
catchment area of nearly 7715 km2, flows into the Atlantic Ocean at
Velddrif (De Villiers, 2007). The vegetation type at the study area is clas-
sified as renosterveld, an evergreen shrubland dominated by
Elytropappus rhinocerotis(Mucina and Rutherford, 2006). Although
renosterveld is fire prone (Cousins etal., 2018), vegetation along the
Berg River rarely burns, allowing the persistence of patches of natural
vegetation dominated by fire-sensitive species of riparian trees and
shrubs such as Diospyros glabra, Kiggelaria africana, Melianthus major,
Podocarpus elongatus and Searsia angustifolia. Long sections of the river
are, however, invaded by E.camaldulensis and other invasive shrubs and
trees, notably Acacia mearnsii and Populus spp. (Forsyth etal., 2004;
Tererai etal., 2013). Eucalyptus camaldulensis invasion along the river is
estimated to have started about 50 years ago (Geldenhuys, 2008).
2.1. Experimental design
To assess vegetation recovery seven years after the initial clearing,
















Fig.1. The study area in theWestern Cape, South Africa, showing revisited sites subjected to dif
River, namely fell-and-stackburn (F&SB), fell-and-remove (F&R), and natural sites (NS). Threethick riparian native trees and shrubs, with an understory of grasses
and herbs) were resurveyed in spring 2017. Each of the above-men-
tioned sites were replicated three times. Prior to clearing in 2010, the
fell-and-stackburn and fell-and-remove sites were heavily invaded
(N75 canopy cover) by E.camaldulensis. In the fell-and-stackburn sites,
cut E.camaldulensis biomass was stacked and burned on site, whereas
in the fell-and-remove sites, cut biomass were removed from the sites
using harvestingmachines. The natural siteswere dominated by natural
vegetation and represented the reference sites (Ruwanza etal., 2013).
The 2011 experimental design in fell-and-stackburn and fell-and-re-
move sites consisted of 12 permanently marked plots per site, with
each plot measuring 5 m × 5 m with a 5 m buffer zone. Four of the
plots were used to assess natural recovery of species (passive restora-
tion) and the remaining eight for active restoration (four for seed broad-
casting and the other four for planting cuttings) (see Ruwanza etal.
(2013) for a list of species which were used for seed broadcasting and
the quantities of seeds used). In 2017, the four passive restoration
plots and four seed broadcast active restoration plots per site were
resurveyed. None of the plots planted with cuttings were resurveyed
because cuttings failed to establish in all treatments (Ruwanza etal.,
2013). All four reference plots per site were resurveyed to determine
the presence of existing species in natural sites.
2.2. Data collection
In spring (September) 2017, detailed vegetation surveys (following
the same methods as used in 2011; Ruwanza etal., 2013) were under-
taken in all plots. Within each 25 m2 plot, species richness and densities
for all the trees and shrubs were determined from counts of individual
plant species. Species richness and densities for all herbs and








ferent treatments for removing invasive stands of Eucalyptus camaldulensis along the Berg
replicate plots were enumerated at each site.
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above-mentioned plots was visually estimated to the nearest 5 or
1% when species occupied less than 5% cover. All the species were
collected and visually identified in conjunction with local plant
books (Manning, 2007; Manning and Goldblatt, 2012) and the
PlantzAfrica online directory (South African National Biodiversity
Institute, 2017). The growth form classes used in this study are
trees, shrubs, herbs and graminoids (Goldblatt and Manning 2000).
On active restoration plots, where seeds of native species were
broadcasted, the presence of these target species was monitored by
counting the total number of established plants and expressing
these numbers as a percentage of the total seeds introduced via
broadcasting in 2010.
2.3. Data analysis
The effects of different clearing treatments on species richness,
Shannon-Wiener diversity index (H′), Simpson's index of diversity
(1-D), Evenness index (J), vegetation cover and percentages from
counts of introduced native plants were compared using repeatedmea-
sures ANOVA for comparisons between spring 2011 and 2017. Proof of
normality was tested using Kolmogorov–Smirnov tests and proof of
homogeneity of variances was tested using the Levene test. Data were
normally distributed and where ANOVAs were significant, Tukey's
HSD unequal n test was used to determine differences between treat-
ments at P b .05. Data were analyzed using STATISTICA version 13
(StatSoft Inc., 2015).
3. Results
Seven years following E.camaldulensis clearing through fell-and-
stackburn and fell-and-removal, sites were dominated by trees
andshrubs, in contrast to the dominance of herbs and graminoids
oneyear after clearing. The cover of native trees and shrubs in both
fell-and-stackburn and fell-and-remove sites was significantly
(Pb.001) higher in 2017 than in 2011 (Table 1). The cover of alien
trees and shrubs in both fell-and-stackburn and fell-and-remove
siteswas significantly (P b .001) higher in 2017 than in 2011 (Table 1).
However, therewere no significant (P N .05) interactions in cover ofboth
native and alien trees and shrubs between clearing treatments and
years (Table 1). Besides invasive alien trees of Acacialongifolia (above
41% frequency of occurrence), A. mearnsii and E.camaldulensis (above
81% frequency of occurrence, respectively) being present in cleared
sites, native species now appeared on most sites (Table 2).
The cover of native herbs and graminoids showed significant differ-
ences between clearing treatments (P b .001) but not across yearsTable 1






All natives 13.75 ± 2.14c 49.58 ± 3.45b 60.42 ± 4.01a 23.75 ± 2.1
Trees and shrubs 0.00 ± 0.00c 6.25 ± 1.64b 60.42 ± 4.01a 4.00 ± 0.10
Herbs 11.25 ± 2.55c 48.33 ± 3.50a 18.75 ± 4.31b 13.25 ± 2.5
Graminoids 0.00 ± 0.00b 35.83 ± 5.96a 0.00 ± 0.00b 2.00 ± 0.15
Aliens
All alien species 49.58 ± 5.85b 65.83 ± 2.37a 10.83 ± 2.81c 56.58 ± 5.8
Trees and shrubs 24.58 ± 7.96b 33.33 ± 3.81a 7.08 ± 3.26c 28.85 ± 6.5
Herbs 47.92 ± 6.47b 64.17 ± 2.53a 6.67 ± 2.41d 37.92 ± 6.4
Graminoids 7.08 ± 2.85c 31.25 ± 2.05a 10.00 ± 3.08c 6.42 ± 2.56
Data aremean± SE and results of repeated ANOVAs are shown (*P b 0.05, **P b 0.01, ***P b 0.00
P b 0.05. NS = not significant at P N 0.05.(PN.05). In contrast, the cover of alien herbs and graminoids showed sig-
nificant (P b .001) differences between clearing treatments (Pb.001) and
across years (P b .01). These differences among clearing treatments and
years for alien herbs and graminoids were more visible in fell-and-re-
move sites than in fell-and-stackburn sites (Table 1). In general, the
cover of alien herbs and graminoidswas higher in 2011 than in 2017. In-
teractions between clearing treatments and years in cover of both na-
tive and alien herbs and graminoids showed no significant (P N .05)
difference (Table 1).
Species richness, as reflected in the Shannon-Wiener and Simpson's
indices of diversity and the Evenness index, differed significantly among
the different clearing treatments (P b .001), years (P b .05) and there
was an interaction between clearing treatments and years (P b .001:
Fig.2). The fell-and-remove site had higher species richness and Shan-
non-Wiener indices than the fell-and-stackburn and natural sites
(Fig.2). Similarly, the above-mentioned indices of diversity were lower
in 2017 than in 2011 (Fig.2), except for natural sites which showed in-
significant changes. Simpson's indices of diversity and evenness were
significantly (P b .01) higher in fell-and-remove and natural sites than
in fell-and-stackburn sites in 2017 (Fig.2). However, yearly comparison
of the two above-mentioned indices of diversity indicate that they both
were significantly (P b .001) lower in 2017 than in 2011 (Fig.2).
Of the nine-native species that were broadcast in active restoration
sites in 2011, only four species (K.africana, Leonotis leonurus, M.major
and S.angustifolia) occurred in both fell-and-stackburn and fell-and-re-
move sites in 2017 (Table 3). Comparisons of clearing treatments in
2017 indicate that K.africana, L. leonurus and M.major had significantly
(P b .001) higher percentage counts in fell-and-remove than in fell-
and-stackburn sites (Table 3). This contrasts with 2011 results which
showed that the above-mentioned species were significantly (P b .05)
more abundant in fell-and-stackburn than in fell-and-remove sites
(Table 3). Comparison across years indicates that species percentage
counts for all the four-identified species were significantly (P b .001)
higher in 2011 than in 2017.4. Discussion
Seven years after clearing of invasive E.camaldulensis stands, native
trees and shrubs are now present in passive restoration sites, indicating
native species recovery is taking place. No recruitment of native trees
and shrubswas reported in passive restoration sites one year after clear-
ing (Ruwanza etal., 2013). Our recent results concurwith previous stud-
ies that have shown successful spontaneous native species recovery
years after alien plant removal (Reinecke etal., 2008). Similarly, Ndou
and Ruwanza (2016) showed that native species diversity was higher








4c 54.58 ± 3.45a 63.42 ± 4.01a 94.23*** 4.97* 0.60ns
c 9.45 ± 1.65b 65.92 ± 8.48a 361.38*** 3.83** 0.08ns
6c 52.17 ± 3.54a 20.75 ± 6.05b 64.84*** 0.82ns 0.05ns
b 36.38 ± 5.96a 2.33 ± 0.18b 69.89*** 0.40ns 0.02ns
5b 75.67 ± 2.64a 9.75 ± 2.73c 2.57ns 55.57*** 0.99ns
2b 35.34 ± 3.81a 6.18 ± 2.99c 0.21ns 55.57*** 0.15ns
7c 53.17 ± 2.53b 6.17 ± 2.29d 80.19*** 4.30* 0.94ns
c 27.45 ± 2.05b 8.08 ± 2.78c 45.67*** 1.08ns 0.21ns
1). Valueswithin columnswith the different letter superscripts are significantly different at
Table 2
Fifteen frequently occurring trees and shrubs in fell-and-stackburn, fell-and-remove, and natural sites in 2017 follow-up restoration study along the Berg River in theWestern Cape, South
Africa.
Species names Fell-and-remove sites Fell-and-stackburn sites Natural sites
NMelianthus major **** *** ***
NSearsia angustifolia *** *** ***
NMaytenus oleoides **** *** ****
AAcacia mearnsii ***** ***** -
AAcacia longifolia *** *** -
NKiggelaria africana *** * *****
NDiospyros glabra - - ****
NMaytenus acuminata *** * ****
AEucalyptus camaldulensis ***** ***** -
NPodocarpus elongatus *** ** *****
NSalix mucronata *** ** ***
NLeonotis leonurus *** *** **
NOlea europaea subsp. africana - - *****
ARubus cuneifolius ** *** -
NVachellia karroo - - ***
(*) Indicates that the specieswas present at the site and is based on calculated species occupancy frequencies categorized as * (1–20%), ** (21–40%), *** (41–60%), **** (61–80%) and *****
(81–100). (–) indicates that the species was not present. (N) indicates native species and (A) indicates alien species.
Table 3
Percentages of species counts for the four-remaining targeted native species broadcasted in restoration treatments along the Berg River. Comparisons are between 2011 and 2017.
Species/treatment 2011 2017 Repeated ANOVA (F-values)
Fell-and-stackburn Fell-and-remove Fell-and- stackburn Fell-and-remove Clearing treatments Years Clearing treatments x years
Kiggelaria africana 14.94 ± 2.19a 9.06 ± 2.43a 0.11 ± 0.07b 1.50 ± 0.58a 1.83ns 45.34*** 4.79*
Leonotis leonurus 51.00 ± 9.08a 21.67 ± 6.10b 1.00 ± 0.67b 3.33 ± 0.83a 6.04** 38.67*** 8.31**
Melianthus major 51.33 ± 3.84a 26.94± 2.03b 0.33 ± 0.13b 2.33 ± 0.51a 27.51*** 303.10*** 37.93***
Searsia angustifolia 55.44 ± 5.49a 12.00 ± 3.49b 1.06 ± 0.28a 1.39 ± 0.40a 43.73*** 99.40*** 45.09***
Data aremean± SE and results of repeated ANOVAs are shown (*P b 0.05, **P b 0.01, ***P b 0.001). Valueswithin columnswith the different letter superscripts are significantly different at
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Clearing treatments: F = 29.74***
Years: F = 4.85*































Spring 2011 Spring 2017
Clearing treatments: F = 27.08***
Years: F = 39.56***
Clearing treatments x years: F = 26.40***aa a a a
b
Fig.2. Indices of diversity in different clearing treatments, namely fell-and-stackburn, fell-and-remove, and natural sites between 2011 and 2017. Bars are mean ± SE and results of
repeated ANOVAs are shown (*P b .05, **P b .01, ***P b .001). Bars with different letter superscripts are significantly different at P b .05. NS= not significant at P N .05.
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tive riparian shrubs after clearing A.mearnsii, Acacia melanoxylon and
Eucalyptus grandis along the Rondegat River, although dominance of
weedy grass cover was also reported.
The presence of native trees and shrubs in passive restoration sites
seven years after initial clearing could be a result of several factors
that are known to facilitate vegetation recovery in cleared sites. Firstly,
Galatowitsch and Richardson (2005) suggested that seed dispersal
from natural areas to cleared sites takes place if patches of natural veg-
etation are sufficiently close to cleared sites, as is the casewith our sites.
Secondly, the presence of remnant native species in cleared sites can act
as “recruitment foci”where seed dispersal and native plant recruitment
can take place (Zahawi and Augspurger, 2006). Remnant species are
known to facilitate seed dispersal by birds and to create microenviron-
ments that favor seedling dispersal, since they act as nurse plants (Ren
etal., 2008). Thirdly, Fourie (2008) indicated that the presence of a na-
tive soil-stored seed bank in cleared sites can facilitate native species re-
covery several years after the initial clearing. In the last-mentioned
study, a soil-stored seed bank of native species was observed eight
years after Acacia clearing. In contrast, Vosse etal. (2008) showed that
the seed bank in riparian zones comprises mostly short-lived herba-
ceous species and that long-lived trees and shrubs are lacking. Lastly,
improvements in soil physicochemical properties several years after ini-
tial clearing favor the establishment of native tree and shrubs compared
to alien herbs and grasses which dominate in the first few years after
clearing. These factors likely also explain the higher diversity of herbs
and grasses in 2011 than in 2017. Dominance of alien herbs and grasses
in recently cleared sites is a result of their ability to take advantage of the
high levels of soil nutrients deposited by the removed invader. Previous
studies have reported that native vegetation recovery on cleared sites
increased with gradual improvement in soil nutrients (Ndou and
Ruwanza, 2016).
Comparisons between the two cleared sites indicate an increase in
the cover of both native and alien species in 2017 compared to 2011.
This could be a result of the presence of recruiting native trees and
shrubs in fell-and-stackburn sites in 2017; these were not present in
2011. Improved soil physical properties in fell-and-stackburn sites
could explain the presence of trees and shrubs in these sites. For exam-
ple, Madsen etal. (2012) reported that gradual decrease in soil repel-
lency post burning increases seedling emergence and survival because
of improved ecohydrological properties required for plant growth e.g.
soil moisture and compaction.
One year following clearing, we reported the dominance of alien
herbs and graminoids on cleared sites. In contrast, the most noticeable
feature at our restoration sites in 2017was the presence of woody inva-
sive alien plants, namely A.longifolia, A.mearnsii, E.camaldulensis and
Rubus cuneifolius. Our observation of secondary invasion echoes the
findings of Reinecke etal. (2008)who reportedpresence anddominance
of the invasive alien species A.mearnsii eight years after the initial clear-
ing. The reinvasion by woody invasive alien plants in cleared sites is at
least partly due to the lack of effective follow-up treatments, which
has allowed continuous recruitment of invasive alien plants from the
soil-stored seed bank. The reinvasion of cleared sites can have strong
negative effects on native species recovery since the recruiting fast-
growing invasive alien trees and shrubs can outcompete native species
for resources (e.g., water and soil nutrients) thereby slowing the recov-
ery process. The worst-case scenario is that the rapid growth rate of
these recruiting invasive alien trees and shrubs at restoration sites
may initiate the complete reinvasion of these sites (D'Antonio and
Vitousek, 1992), negating original clearing efforts.
Although the presence of some seeded nativewoody plant species in
the active restoration sites is a positive sign, suggesting progression to-
wards substantial ecological restoration, the decrease in total counts be-
tween 2011 and 2017 points to poor germination and low recruitment
success of sown species in these sites. These results were also observed
by Pretorius etal. (2008) who reported low species presence in seededsites eight years after Acacia removal. It is difficult to pinpoint the
cause of the decrease in numbers of sown plants, but we assume that
competition from recruiting woody invasive alien trees and shrubs
played a role. Besides competition, the reduction in the presence of
sown native species in 2017 compared to 2011 could be a result of the
severe drought that has prevailed in the Western Cape since 2015.
Low soil moisture content and high temperatures associated with
drought are known to decrease seed germination and seedling survival.
5. Conclusions and recommendations
Although native species diversity has not been fully restored in our
cleared sites, our results show that vegetation recovery in both active
and passive restoration sites is progressingwell, as evidenced by the in-
creased diversity of native vegetation. Before clearing there were a few
remnant native species underneath the E.camaldulensis stands. One year
after clearing, we reported that the clearing of E.camaldulensis had cre-
ated conditions that favored the dominance of alien herbs and
graminoids (Ruwanza etal., 2013), but these components are now
being replaced by native trees and shrubs. The cover of alien trees and
shrubs remains high compared to that of native species. Indeed, recolo-
nization by woody invasive alien plants has the potential to slow down
the observed vegetation recovery process. If the key factor facilitating
the reinvasion bywoody invasive alien plants is the lack of adequate fol-
low-up measures, then interventions are needed to develop effective
monitoring and follow-up plans. Previous studies have emphasized
the need for WfW to effectively remove alien plants during follow-up
and to collect data during the post-clearing monitoring phase (Van
Wilgen etal., 2012; Van Wilgen and Wannenburgh, 2016; Fill etal.,
2018). These studies also stressed the need to include monitoring of
cleared areas in project planning and to allocate sufficient funds to
long-term monitoring. We reported the importance of remnant native
species in facilitating vegetation recovery. A management recommen-
dation regarding remnant native species is that clearing teams need to
be aware of remnant native species beneath invasive plants prior to
clearing and should avoid damaging these species during clearing oper-
ations (Holmes etal., 2008).
We reported low counts of sown native species in active restoration
sites, an indication that, where active restoration is considered, more
needs to be done to facilitate the germination and establishment of
sown species. One way to enhance germination in active restoration is
to introduce native plants in stages after clearing. For example, fast-
growing and drought-resistant native pioneer species can be introduced
soon after clearing. Once these pioneer species are established, seeds or
seedlings of other native can then be introduced. Such staggered intro-
duction of native species has the potential to increase native species di-
versity years after the initial clearing and could reduce problems with
competition for resources from recruiting invasive alien species.
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